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(54) MOBILE RADIO UNIT 

(57) In a cabinet (3) of portable radio equipment, two 
transmitting/receiving antennas (1, 2) are placed or- 
thogonal to each other. These transmitting/receiving an- 
tennas (1 , 2) are connected via a power distributor (5) 
to a radio unit (4). A tilt angle detector (9) detects the tilt 
of the cabinet (3). A control circuit (1 0) controls imped- 
ance transformation circuits (6, 7), based on the detect- 
ed tilt angle, to alter the weighting of a distribution ratio 
of power being fed to the respective antennas. A com- 
posite impedance adjustment circuit (8) adjusts total 
composite impedance of the transmitting/receiving an- 
tennas (1 , 2) and the radio unit (4). 
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Description 

Technical Field 

[0001] The present invention relates to portable radio 
equipment, and more particularly, to portable radio 
equipment communicating with a base station that uses 
an antenna having one main plane of polarization. 



Background Art 

[0002] As transmitting/receiving antennas for use in 
portable radio equipment, a whip antenna attached to a 
cabinet in the longitudinal direction and a helical anten- 
na are known. Of the antennas for portable radio equip- 
ment commercially available at present in Japan, the 
one of a whip and helical type is often utilized, which 
operates as a whip antenna when pulled out, and a hel- 
ical antenna provided at the end of the whip antenna via 
an insulator comes to work when retracted. An inverted 
F antenna or the like is built in the cabinet as an antenna 
for reception diversity. 

[0003] Generally, one of the causes that would de- 
grade characteristics of an antenna is antenna efficien- 
cy, which is detennined from an effective radiation area 
according to the physical size and structure of the an- 
tenna. Others include loss due to impedance mismatch 
with a radio unit and loss due to nonconformity of direc- 
tivity and plane of polarization with an antenna as a 
counterpart in communication. 

[0004] An antenna on the mobile temriinal side of the 
mobile communication like the portable radio equipment 
is placed or held in different environments as the termi- 
nal moves, so that directivity and plane of polarization 
thereof change constantly. In addition, since such equip- 
ment Is often employed near a human body, it tends to 
be affected by the human body nearby. 
[0005] Fig. 9 shows exemplary details of loss of gain 
averaged through the horizontal plane during a call of 
portable radio equipment provided with a whip antenna 
attached to the metal cabinet. As seen from Fig. 9, com- 
pared to the loss due to the influence of the adjacent 
human body or due to mismatch, the loss due to the dif- 
ference of polarization is considerably large. 
[0006] An antenna at the base station that communi- 
cates with the portable radio equipment has, as its main 
polarization , vertical polarization with respect to the land 
surface. Although the waves transmitted from the trans- 
mitting/receiving antenna of the base station repeat re- 
flection and diffraction due to buildings and other struc- 
tures until they reach the receiving antenna of the port- 
able radio equipment, it is known that the main polari- 
zation of the waves transmitted from the base station to 
the portable radio equipment Is generally the vertical po- 
larization. Regarding the reception characteristic of the 
transmitting/receiving antenna at the base station, it is 
obvious, from the reversibility of the transmission/recep- 
tion characteristics of an antenna, that the antenna gain 



will Increase as the vertically polarized wave compo- 
nents in the waves coming from the portable radio 
equipment are more dominant. 

[0007] The whip antennas and others placed on the 
s portable radio equipment have various kinds of radiation 
patterns according to electrical lengths of the antenna 
elements and sizes of the cabinets. However, it is known 
that, when the portable radio equipment is placed in an 
upright position, the main polarization becomes vertical 
10 to the land surface. 

[0008] Thus, when portable radio equipment is being 
used for communication (often tilted at about 60 degrees 
from a zenithal direction) or placed horizontally on a 
desk or the like, the main polarization of the antenna 
'5 formed in the portable radio equipment comes to con- 
siderably deviate from the main polarization of the an- 
tenna at the base station that is vertical to the land sur- 
face. This causes degradation of antenna gain. 
[0009] Techniques to reduce the loss due to such non- 
^0 conformity of polarization have conventionally been pro- 
posed. An example thereof, for a receiving antenna, is 
a technique to realize reception diversity, in which an 
antenna having vertical polarization as its main polari- 
zation, such as a whip antenna, and a receive-only built- 
^5 In antenna having horizontally polarized wave compo- 
nents, such as an inverted F antenna, are switched with 
each other. 

[0010] Fig. 1 0 shows a configuration for the reception 
diversity in conventional portable radio equipment. Re- 
30 ferring to Fig. 10, a transmitting/receiving antenna 21 
and a built-in antenna 22 having main polarization dif- 
ferent in direction from that of transmitting/receiving an- 
tenna 21 are provided. Transmitting/receiving antenna 
21 and built-in antenna 22 are switched using a change- 
rs over switch 23, and either transmitting/receiving anten- 
na 2 1 or built-in antenna 22 is connected via changeover 
switch 23 to a radio unit 24. 

[0011] Assume that transmitting/receiving antenna21 
and built-in antenna 22 are receiving waves from the 

40 base station. As these two antennas are placed a pre- 
scribed distance apart from each other and have main 
polarization of different directions, the reception charac- 
teristics of these antennas change due to fading and 
others overtime, with a prescribed correlation. In radio 

45 unit 24, control is performed to switch changeover 
switch 23 to either transmitting/receiving antenna 21 or 
built-in antenna 22 that exhibits a better reception char- 
acteristic during a certain period of time. Such control 
guarantees a more stable reception characteristic. 

50 [0012] In the configuration shown in Fig. 10, if an in- 
verted F antenna is employed as the receive-only an- 
tenna, it is difficult to provide a sufficiently large bottom 
board on the portable radio equipment. Thus, in the ra- 
diation pattern of the inverted F antenna, radiation from 

55 the longitudinal direction of the metal portion of the cab- 
inet becomes dominant. As a result, the directivity and 
the direction of main polarization of the inverted F an- 
tenna come to approximate to those of the whip anten- 
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na, so that it becomes difficult to ensure adequate cor- 
relation of polarization between the antennas. In order 
to solve such a problenn, one technique employs a 
microstrip antenna or a circularly polarized wave receiv- 
ing antenna as the built-in antenna to increase the rec- 5 
ognition level of cross polarization with the whip anten- 
na. 

[0013] Fig. 11 shows a built-in antenna for reception 
diversity of portable radio equipment disclosed, for ex- 
ample, in Japanese Patent Laying-Open No. 6-33881 6, io 
Referring to Fig. 11 , an extemal antenna 31 and a built- 
in antenna 32 formed of one-side short-circuited type 
microstrip that is different in direction of main polariza- 
tion and directivity from the external antenna 31 are built 
in a cabinet 33 of portable radio equipment. Since the is 
direction of main polarization and directivity of external 
antenna 31 are different from those of built-in antenna 
32, it becomes possible to increase the coefficient of 
correlation between the antennas, so that effective di- 
versity is enabled. 20 
[0014] Fig. 12 shows an example to improve the re- 
ception characteristic of portable radio equipment dis- 
closed, for example, in Japanese Patent Laying-Open 
No. 6-188801. Referring to Fig, 12, an antenna 41 for 
linear polarization for use in receiving the linear polari- 25 
zatlon and an antenna 42 for circular polarization for use 
in receiving the circular polarization are provided. At the 
time of reception, antenna 42 for circular polarization 
waits for radio waves. When a detecting circuit 42 de- 
tects reception of desired radio waves, a controller 46 30 
controls a changeover switch 43 to switch the reception 
antenna from antenna 42 for circular polarization to an- 
tenna 41 for linear polarization for use in transmission/ 
reception. In this configuration, antenna 42 for circular 
polarization is used when receiving the radio waves. 35 
Thus, regardless of the direction in which the temninal 
is directed, degradation of antenna gain due to noncon- 
formity of polarization can be decreased. 
[001 5] The examples described above are directed to 
improve the reception diversity characteristics. They do 40 
not attempt to decrease the loss due to nonconformity 
of polarization to improve the transmission characteris- 
tics of the portable radio equipment. To improve the 
transmission/reception characteristics by decreasing 
such loss due to nonconformity of polarization, the an- 45 
tenna may be mechanically inclined with respect to the 
cabinet. 

[0016] Fig. 13 shows such an example disclosed in 
Japanese Patent Laying-Open No. 8-274525. Radio 
waves are fed from a metal cabinet 52 covered with a so 
resin cabinet 51 through a coaxial line 53 to an antenna 

54. An outer sheath of the upper portion of coaxial line 
53 is connected with a cylindrical choke 54 having an 
electrical length of A/4, so that, together with antenna 

55, the performance equivalent to that of a A/2 dipole 55 
antenna can be obtained. At this time, the antenna is 
held in an erect position by means of a rotatable joint 56 
regardless of the attitude of the portable radio equip- 



ment, and accordingly, the gain degradation of the trans- 
mission/reception characteristics due to nonconformity 
of polarization with the base station can be reduced. 
[0017] Figs. 14A and 14B show an antenna 62 dis- 
closed in Japanese Patent Laying-Open No. 6-268547, 
which is provided with a joint 63 so that, when antenna 
62 is pulled out from a cabinet 61 of portable radio equip- 
ment, it is made perpendicular to the land surface. Thus, 
the gain degradation of the transmission/reception char- 
acteristics due to nonconformity of polarization with the 
base station is decreased. 

[0018] These antennas, however, require structures 
for mechanical inclination thereof. In addition, a user of 
the portable radio equipment needs to adjust the angle 
of the antenna. Since the angle to which the antenna 
can be inclined is limited to a certain extent, the antenna 
may become a nuisance to the user when calling. 
[0019] There is another way to switch the polarization 
by switching short-circuited points according to the atti- 
tude of the portable radio equipment. Fig. 15 shows an 
antenna portion of the configuration disclosed in Japa- 
nese Patent Laying-Open No. 2-94713. Referring to Fig. 
15, a plate antenna 72 is provided on the bottom board 
71 , and radio waves are fed from an antenna feed point 

73 to this plate antenna 72. Plate antenna 72 is placed 
on bottom board 71 by means of a short-circuited point 

74 and short-circuited points 75 and 76 with changeover 
switches. Thus, even in a single antenna, changeover 
switches of short-circuited points 75 and 76 can be 
switched to change the direction of main polarization of 
the antenna, so that the gain deterioration due to non- 
confomnity of polarization can be decreased. 

[0020] This method has an advantage that polariza- 
tion can be switched in one antenna. However, it has a 
disadvantage, as in the case of the inverted F antenna 
described above, that the bottom board of an adequate 
size cannot be ensured on the portable radio equipment, 
and thus, a sufficient recognition level of cross polariza- 
tion cannot be obtained. In addition, it is difficult to direct 
the main polarization in a direction orthogonal to the 
plate antenna that is shown as the Z direction in Fig. 15. 
[0021] The transmitting/receiving waves from an an- 
tenna of portable radio equipment that is placed or held 
in any direction are likely to diverge in direction of main 
polarization from that of the antenna at the base station 
whose main polarization is vertical to the land surface, 
thereby causing loss. When a simple linear antenna is 
being utilized, the antenna needs to be inclined to real- 
ize the vertical polarization. This requires a certain me- 
chanical structure, and further, the inclined antenna may 
cause discomfort of a user while he/she calls. Further, 
in the case where the direction of main polarization of 
one plate antenna is switched by switching short- 
circuited points, it is difficult to achieve a sufficient rec- 
ognition level of cross polarization. There also exists a 
certain direction In which the main polarization cannot 
be directed with ease. 
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Brief Description of the Drawings 
[0030] 

5 Fig. 1 is a diagram showing a schematic view of 

portable radio equipment according to a first em- 
bodiment of the present invention. 
Fig. 2 is a block diagram of the portable radio equip- 
ment according to the first embodiment of the 

10 present invention. 

Fig. 3 is a diagram showing specific examples of 
the impedance transformation circuits and the com- 
posite Impedance matching circuit shown in Fig. 2. 
Fig. 4 is a diagram showing a schematic view of 

*5 portable radio equipment according to a second 
embodiment of the present invention. 
Fig. 5 is a block diagram of the portable radio equip- 
ment according to the second embodiment of the 
present invention. 

20 Fig. 6 is a diagram showing a schematic view of 
portable radio equipment according to a third em- 
bodiment of the present invention. 
Fig. 7 is a diagram showing a schematic view of 
portable radio equipment according to a fourth em- 

25 bodiment of the present invention. 

Fig. 8 is a block diagram of the portable radio equip- 
ment according to a fifth embodiment of the present 
invention. 

Fig. 9 is a diagram showing exemplary details of 

30 loss of gain averaged through the horizontal plane 
during a calf of portable radio equipment. 
Fig. 1 0 is a schematic block diagram of convention- 
al portable radio equipment employing a changeo- 
ver reception diversity method. 

35 Fig. 11 is a diagram showing a schematic view of 
conventional portable radio equipment employing 
the changeover reception diversity method to re- 
duce loss due to nonconformity of polarization. 
Fig. 12 Is a block diagram of conventional portable 

40 radio equipment. 

Fig. 13 is a diagram showing a schematic view of 
conventional portable radio equipment having an 
antenna mechanically inclined to reduce loss due 
to mismatch of polarization. 

45 Figs. 14A and 14B are diagrams illustrating a con- 
ventional example to reduce the loss due to non- 
conformity of polarization by mechanically inclining 
the antenna. 

Fig. 15 is a diagram illustrating a conventional ex- 
50 ample to improve transmission/reception charac- 
teristics in a single antenna by switching the direc- 
tion of main polarization. 

Best Modes for Carrying Out the Invention 

55 



Disclosure of the Invention 

[0022] Based on the foregoing, a primary object of the 
present invention is to provide portable radio equipment 
that can be fitted to plane of polarization of waves trans- 
mitted to or received from a base station, and that can 
electrically reduce loss due to nonconformity of polari- 
zation regardless of the direction In which the portable 
radio equipment Is placed or held. 
[0023] The present invention is directed to portable 
radio equipment provided with a radio unit fomned of a 
transmitting/receiving circuit within a cabinet. It includes 
at least two transmitting/receiving antennas different in 
direction of main polarization from each other, and a 
power distributor that couples the respective antennas 
to the radio unit to cause the at least two transmitting/ 
receiving antennas to operate simultaneously and that 
weights distribution amounts of power being dealt by the 
respective antennas. 

[0024] Preferably, the portable radio equipment is fur- 
ther provided with a tilt detector for detection of a tilt an- 
gle of the cabinet, and a control circuit for controlling, 
based on the detected tilt angle, power distribution by 
the power distributor so as to optimize transmission/re- 
ception of the at least two transmitting/receiving anten- 
nas. 

[0025] Still preferably, the portable radio equipment is 
further provided with a reception strength detector for 
detection of received field strength of each of the at least 
two transmitting/receiving antennas, a comparator for 
comparison of the detected received field strength with 
the weighting of the antenna given by the power distrib- 
utor, and a control circuit for controlling, based on the 
comparison output of the comparator, the weighting of 
the power distributor so as to optimize a ratio of the pow- 
er being fed to the respective antennas. 
[0026] The power distributor includes an Impedance 
transformation circuit that controls impedance of the at 
least two transmitting/receiving antennas to change the 
weighting of the distribution ratio of the power being fed 
to the respective antennas, and an impedance adjust- 
ment circuit that adjusts total composite impedance of 
the at least two transmitting/receiving antennas and the 
radio unit. 

[0027] The impedance transformation circuit and the 
impedance adjustment circuit are formed of variable ca- 
pacitance diodes. 

[0028] Preferably, the at least two transmitting/receiv- 
ing antennas are placed in directions orthogonal to each 

other. 

[0029] Still preferably, one of the at least two transmit- 
ting/receiving antennas is a whip antenna, and the rest 
of the antennas includes a meander antenna that is fold- 
ed to meander so as to reduce the total length. 



[0031] Fig. 1 schematically shows portable radio 
equipment of the first embodiment of the present inven- 
tion. Fig. 2 is a block diagram thereof. 
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[0032] Referring to Fig. 1. transmitting/receiving an- 
tennas 1 and 2, different in direction of main polarization 
from each other, are attached to a cabinet 3 of the port- 
able radio equipment. Transmitting/receiving antennas 
1 and 2 are placed orthogonal to each other. As the 5 
transmitting/receiving antenna 1 , a whip antenna is em- 
ployed, which is pulled out upwards from cabinet 3. 
Transmitting/receiving antenna 2 is contained within 
cabinet 3 to extend in a horizontal direction. Since the 
directions of the electric fields transmitted/received io 
through transmitting/receiving antennas 1 and 2 are or- 
thogonal to each other, antenna coupling can be made 
small. The coefficient of correlation between these an- 
tennas can be made large, so that the recognition level 
of cross polarization can also be increased. is 
[0033] As shown in Fig. 2, transmitting/receiving an- 
tennas 1 and 2 are each connected directly to a variable 
power distributor 5 being connected to a radio unit 4. 
Variable power distributor 5 is fonned of impedance 
transfonmation circuits 6 and 7 that are connected to 20 
transmitting/receiving antennas 1 and 2, respectively, 
and a composite impedance matching circuit 8. Imped- 
ance transformation circuits 6 and 7 are used to change 
the weighting of a distribution ratio of the power being 
fed to transmitting/receiving antennas 1 and 2. Compos- 25 
ite Impedance matching circuit 8 is used to adjust the 
total composite impedance of two transmitting/receiving 
antennas 1 , 2 and radio unit 4. 

[0034] A tilt angle detector 9, such as a gravity direc- 
tion sensor is further provided for detection of the tilt 30 
angle of cabinet 3. The detected output of this tilt angle 
detector 9 is supplied to a control unit 1 0. Based on the 
detected output of tilt angle detector 9, control circuit 1 0 
controls impedance transformation circuits 6, 7 within 
variable power distributors, and changes the weighting 35 
of the distribution ratio of the power to be fed to trans- 
mitting/receiving antennas 1 and 2. Control circuit 1 0 al- 
so controls composite impedance matching circuit 8 at 
the same time, so that the composite impedance of im- 
pedance transformation circuits 6, 7 is matched to char- 40 
acterlstic Impedance to radio unit 4 seen from the an- 
tennas. 

[0035] Impedance transfomnation circuits 6, 7 and 
composite impedance matching circuit 8 are formed of 
variable capacitance diodes CI -C9, as shown in Fig. 3. 45 
More specifically, impedance transformation circuit 6 is 
formed with variable capacitance diodes C1 and C2 se- 
rially connected with each other, and another variable 
capacitance diode C3 that is connected between a con- 
nect point of variable capacitance diodes C1 , C2 and a so 
ground node. Similarly, Impedance transformation cir- 
cuit 7 Is fomned with variable capacitance diodes C4 and 
C5 that are serially connected with each other, and an- 
other variable capacitance diode C6 that is connected 
between a connect point of variable capacitance diodes S5 
C4, C5 and a ground node. Composite impedance 
matching circuit 8 is formed of variable capacitance di- 
odes C7 and C8 that are serially connected with each 



other, and another variable capacitance diode C9 that 
is connected between a connect point of variable capac- 
itance diodes C7, C8 and a ground node. 
[0036] These variable capacitance diodes CI -C9 are 
provided with a prescribed level of voltage as a control 
signal from control unit 10. The capacitance is altered 
according to this voltage, so that the impedance is 
changed. 

[0037] As described above, according to the present 
embodiment, transmitting/receiving antennas 1 and 2 
are placed orthogonal to each other Thus, the antenna 
coupling can be made small, and the coefficient of cor- 
relation between transmitting/receiving antennas 1 and 
2 can be made large. Accordingly, the recognition level 
of cross polarization can be increased. 
[0038] Fig. 4 schematically shows portable radio 
equipment of the second embodiment of the present in- 
vention. Fig. 5 Is a block diagram thereof. 
[0039] In the first embodiment shown in Figs. 1 and 
2, first and second transmitting/receiving antennas 1 
and 2 have been employed, in such a case, it is difficult 
to direct the main polarization In a direction (Y direction 
in Fig. 1) orthogonal to the electric fields of these trans- 
mitting/receiving antennas 1 and 2. 
[0040] Thus, as shown in Fig. 4, three transmitting/ 
receiving antennas 1 , 2 and 11 are placed orthogonal to 
each other By placing the respective antennas 1 , 2 and 
11 in a direction orthogonal to the electric fields being 
transmitted/received through the antennas, it is possible 
to control such that the composed plane of polarization 
of the three antennas has vertical polarization with re- 
spect to the land surface, regardless of the direction In 
which the portable terminal is placed. 
[0041] Corresponding to additionally provided trans- 
mitting/receiving antenna 11, an additional impedance 
transformation circuit 1 2 is provided within variable pow- 
er distributor 5. Control unit 10 controls Impedance 
transformation circuits 6. 7 and 1 2, as in the first embod- 
iment, to change the weighting of a distribution ratio of 
the power being fed to the respective antennas. Com- 
posite impedance matching circuit 8 adjusts the total 
composite impedance of these three transmitting/re- 
ceiving antennas 1 , 2 and 11 and radio unit 4. 
[0042] Thus, by providing three antennas 1 , 2 and 1 1 , 
the composed plane of polarization of the three anten- 
nas can be controlled to have vertical polarization with 
respect to the land surface regardless of the direction in 
which the portable tenminal is placed. 
[0043] Figs. 8 and 7 schematically show the third and 
fourth embodiments of the present invention, respec- 
tively. 

[0044] The second embodiment shown in Fig. 4 is in- 
creased in the outside dimension, as it is provided with 
three transmitting/receiving antennas 1 , 2 and 1 1 . Thus, 
in Fig. 6, other than transmitting/receiving antenna 1 
formed of a whip antenna, two transmitting/receiving an- 
tennas 2 and 11 are each formed of a meander type an- 
tenna that is folded to reduce the total length, or of a 



5 



<SDOCI0:<EP 1168658A1 I > 



9 



EP1 168 658 A1 



10 



helical type antenna not shown. 

[0045] Further, If the feed points of respective trans- 
mitting/receiving antennas 1 , 2 and 11 are placed close 
to each other, as shown in Fig. 7, the antenna coupling 
can be made smaller, and therefore, the recognition lev- 
el of cross polarization can further be improved. 
[0046] Fig. 8 is a block diagram of portable radio 
equipment according to the fifth embodiment of the 
present invention. 

[0047] In the embodiments shown in Figs. 2 and 5, tilt 
angle detector 9 has been provided, and the distribution 
ratio of power being fed to the respective antennas has 
been controlled based on the detected tilt angie. In the 
embodiment shown in Fig. 8, the distribution ratio of 
power being fed to the respective antennas is calculated 
based on their reception levels. To that end, transmit- 
ting/receiving antennas 1 and 2 are connected to field 
strength detectors 12 and 13, respectively, and the re- 
ceived field strengths of the antennas are detected. The 
detected outputs of reception field strength detectors 
1 2, 1 3 are supplied to an analog comparator 1 4. Analog 
comparator 14 has also been provided with weighting 
of the antennas from power distributor 5. Analog com- 
parator 14 compares the magnitudes of the received 
field strengths and the weighting of the antennas, and 
determines which antenna is more effective in recep- 
tion. The determined result is output to control unit 10 
for feedback to the control of variable power distributor 
5 in a next control time, so that the distribution amount 
of power to the antenna performing effective reception 
is increased. Repeating such control makes it possible 
to optimize the ratio of power being fed to respective 
antennas. In other words, the antenna efficiently per- 
fomning reception is detennined as an antenna having 
vertical polarization with respect to the land surface in 
its current position and state. The transmission/recep- 
tion of the antennas is thus controlled. 
[0048] As explained above, according to the present 
invention, at least two transmitting/receiving antennas 
are coupled to a radio unit so that they operate at the 
same time, and the weighting of distribution amount of 
power being dealt by each antenna is changed, so that 
the direction of the composed main polarization of the 
antennas can be matched to the plane of polarization of 
the waves transmitted to or received from the base sta- 
tion. Accordingly, it is possible to improve antenna gain 
by electrically decreasing loss due to nonconformity of 
polarization, regardless of the direction In which the 
portable radio equipment is placed or held. 
[0049] The embodiments of the present invention 
have been described above in detail with reference to 
the drawings. However, the present invention is not lim- 
ited to any of the embodiments, and many kinds of var- 
iations and modifications are allowed within the scope 
of the spirit of the present invention. The scope of the 
present invention is indicated by the scope of the claims 
as attached. 



Ciaims 

1 . Portable radio equipment provided with a radio unit 
(4) formed of a transmitting/receiving circuit within 

5 a cabinet, comprising: 

at least two transmitting/receiving antennas (1 , 
2,11) different In direction of main polarization 
from each other; and 
10 a power distributor (5) coupling each said an- 

tenna to said radio unit such that said at least 
two transmitting/receiving antennas operate si- 
multaneously and weighting distribution 
amounts of power being dealt by the respective 
*5 antennas. 

2. The portable radio equipment according to claim 1 , 
further comprising: 

20 a tilt detector (9) detecting a tilt angle of said 

cabinet; and 

a control circuit (10) controlling power distribu- 
tion by said power distributor based on the tilt 
angle detected by said tilt detector, such that 
25 said at least two transmitting/receiving anten- 

nas realize optimum transmission/reception. 

3. The portable radio equipment according to claim 2, 
wherein 

30 said power distributor includes 

an impedance transformation circuit (6, 7, 12) 
controlling impedance of said at least two trans- 
mitting/receiving anten nas to change weighting 
35 of a distribution ratio of power being fed to the 

respective antennas, and 
an impedance adjustment circuit (8) adjusting 
total composite impedance of said at least two 
transmitting/receiving antennas and said radio 
40 unit. 

4. The portable radio equipment according to claim 3, 
wherein said impedance transfomiation circuit and 
said impedance adjustment circuit include variable 

45 capacitance diodes (C1-C9). 

5. The portable radio equipment according to claim 1 , 
further comprising: 

50 a reception strength detector (1 2, 1 3) detecting 

received field strength of each of said at least 
two transmitting/ receiving antennas; 
a comparator (1 4) comparing the received field 
strength detected by said reception strength 

55 detector with the weighting of the antenna given 

by said power distributor; and 
a control circuit (1 0) controlling the weighting 
by said power distributor based on the compar- 



ts 



20 



35 



40 



6 



11 



EP1 168 658 A1 



ison output of said comparator, to optimize a 
ratio of the power being fed to the respective 
antennas. 

The portable radio equipment according to claim 4, s 
wherein 

said power distributor includes 

an impedance transformation circuit (6, 7, 11) 
controlling impedance of said at least two trans- io 
mitting/recelving antennas to change the 
weighting of a distribution ratio of the power be- 
ing fed to the respective antennas, and 
an impedance adjustment circuit (8) adjusting 
total composite impedance of said at least two is 
transmitting/receiving antennas and said radio 
unit. 

The portable radio equipment according to claim 6, 
wherein said impedance transformation circuit and 20 
said impedance adjustment circuit include variable 
capacitance diodes (CI -CQ). 

The portable radio equipment according to claim 1 , 
wherein said at least two transmitting/receiving an- 2s 
tennas are placed orthogonal to each other. 

The portable radio equipment according to claim 1 , 
wherein one of said at least two transmitting/receiv- 
ing antennas is a whip antenna, and the rest of said 30 
antennas includes a meander antenna that is folded 
to meander so as to reduce the total length. 



35 



40 



45 



50 



55 



1168658A1 I > 



7 



EP 1 168 658 A1 




FIG. 2 



- — -/ 



IMPEDANCE 
TRANSFORMATION 
CIRCUIT 



IMPEDANCE 
TRANSFORMATION 
CIRCUIT 



COMPOSITE 
IMPEDANCE 
MATCHING CIRCUIT 



TILT ANGLE 
DETECTOR 



CONTROL- 
UNIT 



J 



RADIO 
UNIT 



8 



EP 1 168 658 A1 



FIG. 3 



C1 C2 



C4 C5 ' 

V 



C6 



8 



C7 



C8 



C9 




9 



EP 1 168 658 A1 



I 



FIG. 5 

1 



11 



TILT ANGLE 
DETECTOR 



IMPEDANCE 
TRANSFORMATION 
CIRCUIT 



7 



IMPEDANCE 
TRANSFORMATION 
CIRCUIT 



V 



8 



12 



IMPEDANCE 

TRANSFORMATION 

CIRCUIT 



COMPOSITE 
IMPEDANCE 
MATCHING CIRCUIT 



CONTROL 
UNIT 



9 
10 





RADIO - 




UNIT 



FIG. 6 




10 



BiST AVAILABLE COPY 



EP1 168 658 A1 



FIG. 7 




FIG. 8 



I 



12 



RECEPTION 

STRENGTH 

DETECTOR 



z 



RECEPTION 
STRENGTH 
DETECTOR 



ANALOG 
COMPARATOR- 



I 



CONTROL 
UNIT 



IMPEDANCE 

TRANSFORMATION 

CIRCUIT 



IMPEDANCE 
TRANSFORMATION 
CIRCUIT 



8 



COMPOSITE 
IMPEDANCE 
MATCHING 
CIRCUIT 



14 



10 



.J 



cL 

RADIO 
UNIT 



11 



4SDOCI0:<EP 11686S0A1 I > 



EP 1 168 658 A1 



FIG. 9 



MAGNITUDE 
OF LOSS 



8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 

1.0 
0.0 




B LOSS DUE TO DIFFERENCE OF 
POLARIZATION 

m LOSS DUE TO INFLUENCE OF 

HUMAN BODY NEARBY 
O LOSS DUE TO MISMATCH 

□ OTHERS 

(LOSS DUE TO DIRECTIVITY' ETC.) 




FIG. 10 




12 BiiT AVAILABLE COPY 

«cr>r»r>irv .-co neoccoAi i ^ 



EP 1 168 658 A1 




FIG. 12 

□ 

-41 



42 




44 



.45 



RECEIVING 




DETECTING 


CIRCUIT 




CIRCUIT 



E 



46 



CONTROLLER 



!SDOCID:<EP 11686S8A1 I > 



13 



EP 1 168 658 A1 





14 BEST AVAILABLE COPY 



EP1 168 658 A1 




15 

JSDOCID:<EP 1168658A1 I > 



EP1 168 658 A1 



INTERNATIONAL SEARCH REPORT 



Intemadonal application No. 

PCT/JPOO/00090 



A. CLASSIFICATION OF SUBJECT MATTER 
Int.Cl^ H04B 7/08, 

H03H 7/48, 7/38, 

H01Q21/24, 3/24 
According to International Patent Classificacion (IPC) or to both natioaal classification and IPC 



B. FIELDS SEARCHED 



Mmi'mum documentation searched (classification system followed by classification symbols) 

Int.Cl'^ H01Q3/00-3/46, 21/00-21/30, 23/00, 25/00-25/04, 
H04B7/00, 7/02-7/12, 
H04L1/02>1/06 



Documentation searched other than minimum docmnentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1922-1996 Jitsuyo Shinan Itorolcu Kolio 1996-2000 

Kokai Jitsuyo Shinan Kbho 1971-2000 Toroku Jitsuyo Shinan Kbho 1994-2000 



Electronic data base consulted during the international seardi (name of data base and, where pmcticable, search teims used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



E,Y 

y 



Citztion of docuxnem, with indication, where appropriate, of the relevant passages 



JP, 2000-91842, A (Nippon Telegr. & Teleph. Corp. <NTT>) , 
31 March, 2000 (31.03.00) (Family: none) 

BP, 642232, Al (PHILIPS ELECTROHICS NV) , 
08 March, 1995 (08.03.95) 

6 OP, 07-177083, A- 

JP, 10-107712, A (Toshiba Corporation), 
24 April, 1998 (24.04.98) (Family: none) 

JP, 09-64640, A (Fujitsu Limited), 

07 March, 1997 (07.03.97) (Family: none) 

JP, 08-97760, A (Mitsubishi Electric Corporation), 
12 April, 1996 (12.04.96) (Family: none) 

JP, 61-200702, A (Nippon Telegr, & Teleph. Corp. <NTT>) , 
05 September, 19B6 (05.09.86) (Family: none) 



Relevant to claim No. 



1,8 
1,5,8 

1,2,8 
8,9 



ri Further documents arc listed in the cootiraiaiion of Box C. Q See patent family 



Special categories of cited documents: 
document deiining the general state or the art which is not 
considered to be of particubr relevance 

earlier document iHit published on or after the tntemational filing 
dftte 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another cit&don or other 
special reason (as specified) 
"O" document lefening CO an oral disclosure, use, exhibition or other 
means 

"P* document published prior to the mteroationai filing date but bter 
than the priority date claimed 



*T* later docimem published after the iniematiooal filmg dale or 
priority daie and not in coikllict with the application but cited to 
understand the principle or theory uoderlying the invention 

"X" document o f pajticular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance; the claimed inventioa cannot be 
ooosidered to involve an inventive step when the docwnent is 
combined with one or nK»c other such documents, such 
combination being obvious to a person skilled in the act 
docoment member of the same patent iamiiy 



Date of the actual completion of the international search 
04 April, 2000 (04.04.00) 



Date of mailing of the interoationaJ search report 
18 April, 2000 (18.04,00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No, 



Authorized officer 



Telephone No. 



Form PCV/lSAaiO (second sheet) (July 1992) 



16 



BEST AVAIUBLE COPY 



